Cataract, a multifactorial disease occurs mainly due to the formation of large protein aggregates in the lens. Cataract remains the leading cause of visual disability and blindness all over the globe and the problem is more acute in the developing countries. Drugs have been developed which are aimed to interact at the level of altered lens metabolism and lens pathophysiology.
acid, butylated hydroxyl toluene, oxidized glutathione, epinephrine and 5 5'dithiobis-2-nitrobenzoic acid were obtained from Sisco Research Laboratories Pvt. Ltd., India. 2-2'-dipyridyl and O-dianisidine were obtained from Himedia Laboratories.
Plant material
The plant material consists of dried powdered leaves of E. stricta belonging to the family Papilionaceae. The leaves of E. stricta were collected from Kottayam district, Kerala, India during the month of April 2007. The plant was identified and authenticated by Mr. P. Sathyanarayana, Scientist, Botanical Survey of India, Tamil Nadu Agricultural University Campus, Coimbatore, Tamil Nadu, bearing the reference number BSI/SC/5/23/07-08/Tech-456.
Preparation of extract and fractionation
Fresh leaves of the plant were dried in shade under room temperature, powdered mechanically and sieved through No. 20 mesh sieve and extracted with methanol:water (7: 3) and the hydromethanolic extract was partitioned separately against petroleum ether, chloroform and ethyl acetate in the order of increasing polarity. The petroleum ether (PEF), chloroform (CF), ethyl acetate (EAF) and residual fractions (RF) of E. stricta were used for the study.
Acute toxicity studies
Swiss albino mice weighing between 20-30 g maintained under standard laboratory conditions was used. Animals were divided into four groups consisting of 5 each; the animals received a single oral dose (2,000 mg/ kg, body weight) of each fraction. Animals were kept overnight fasting prior to drug administration. After the administration of the fraction, food was withheld for further 3-4 hours. Animals were observed individually at least once during the first 30 min after dosing, periodically during the first 24 hours (with special attention during the first 4 hours) and daily thereafter for a period of 14 days.
Selection of dose of the extract
LD50 was done as per OECD guidelines for fixing the dose for biological evaluation (OECD, 2000) . The LD50 of the fractions as per OECD guidelines falls under category 4 values with no signs of acute toxicity at doses of 2,000 mg/kg. The biological evaluation of the fractions were carried out at a dose of 200 mg/kg body weight.
Experimental protocol
Animals were divided into 7 groups consisting of six animals each. Group I received liquid paraffin (10 mL/ kg orally) and served as control (Gupta, 2004) . Group II received naphthalene (1 gm/kg orally) alone (cataract control). Groups III-VI received the PEF, CF, EAF and RF of E. stricta respectively at a dose of 200 mg/kg orally simultaneously with naphthalene. Group VII received vitamin E (50 mg/kg orally) with naphthalene (positive control). All the drugs were administered for a period of 28 days.
Examination of eyes
Eyes of the rats were examined daily by using ophthalmoscope for the morphological changes in the lens. Examination was performed after dilating the pupil with 1% tropicamide solution. The lens were examined and graded twice a week during the first two weeks and thereafter at weekly intervals (Sippel, 1966 Cataract formation was considered complete (grade IV) when the red fundus reflex was no longer visible through any part of the lens and the lens appeared dull white to the naked eye (Fukushi et al., 1980) . 
Preparation of the lens
Immediately after blood collection, the rats were anesthetized and lenses were then dissected out, rinsed with ice cold saline. Each pair of lens was homogenized in a glass homogenizer with a teflon pestle in 1.2 mL of ice-cold phosphate buffer (20 mM, pH 7.4) and centrifuged and the supernatant was used for the analysis of total protein (Lowry et al., 1951) carbonyl and sulfhydryl determinations (Altomare et al., 1997) , lipid peroxidation, hydroperoxide (Niehaus and Samuelsson, 1968) , enzymatic and non-enzymatic antioxidant. Superoxide dismutase activity was determined by the inhibition of auto catalyzed adrenochrome formation in the presence of the homogenate at 480 nm (Kakkar et al., 1984) . Catalase was estimated by the catalysis of H2O2 to H2O in an incubation mixture adjusted to pH 7.0 was recorded at 254 nm (Sinha, 1972) . Glutathione reductase activity was determined spectrophotometrically by the decrease in absorbance of NADPH at 340 nm (Racker, 1955) . Glutathione peroxidase activity was measured by the procedure of Paglia and Valentine, 1967 . Peroxidase activity was measured spectrophotometrically by following the change in absorbance at 460 nm due to O-dianisidine oxidation in the presence of H2O2 and enzyme (Lobarzewski and Ginalska, 1995) . The estimation of nonenzymatic anti-oxidant reduced glutathione was based on the reaction of reduced glutathione with dithionitrobenzoic acid to give a compound that absorbs at 412 nm (Ellman, 1959) .
Statistical analysis
Statistical analysis was carried out by one-way analysis of variance (ANOVA) followed by Dunnett's test. Results are expressed as mean ± SEM from six rats in each group. P values <0.05 were considered significant.
Results
In acute toxicity studies, it was found that the animals were safe up to a maximum dose of 2,000 mg/kg body weight. There were no changes in normal behavioral pattern and no signs and symptoms of toxicity and mortality were observed.
Staging of cataract and opacity index is given in Table I and II respectively. Ophthalmoscopic examination of the eyes showed that the lenses of normal control were in stage 1 throughout the duration of experimental period. Animals treated with naphthalene showed varying degree of cataractogenic changes as evidenced by about 66.6% of animals in stage 4 and 33.3% in stage 5 mature cataract on 28 th day of treatment. None of the animals in the PEF and CF-treated groups showed mature stage 5 cataract on 28 th day. Treatment with the EAF showed 16.6% of animals in both stage 4 and stage 5 cataract, whereas the RF showed 66.6% in stage 4 and 16.6% in stage 5 mature cataract. Treatment with the standard drug, vitamin E showed 16.6% of animals in stage 3 and there was no diffuse central opacities (stage 4) and mature cataract (stage 5). Treatment with naphthalene showed an increase in the opacity index from 2.2 on the 7 th day, 3.7 on the 21 st day followed by complete opacification (opacity index 4.2) on the 28 th day. The groups treated with PEF, CF and EAF of E. stricta showed a decrease in opacity index (3.0, 2.2, 3.2 respectively) when compared to naphthalene control. The incidence of cataract in residual fraction treated group was slightly lower (3.8) in comparison to naphthalene control. There was a marked reduction in the opacity index (1.8) of the vitamin E treated group when compared to the fractions.
There was a significant (p<0.01) decrease in the level of total protein and an increase in the level of malondialdehyde and lipid hydroperoxide in the lens of naphthalene treated animals when compared to normal control. Treatment with PEF, CF and EAF of E. stricta and vitamin E simultaneously with naphthalene for 28 days caused a significant (p<0.01) decrease in the malondialdehyde, lipid hydroperoxide and an increase in total protein content. The effect produced by the RF on protein concentration and LH is insignificant (p>0.05) whereas the decrease in MDA was significant (p<0.05) compared to naphthalene control (Table III) .
Treatment with naphthalene led to a significant (p<0.01) increase in the free carbonyl groups of lens proteins as measured by the absorbance of DNPH bound to total lens protein. At the end of the experiment, significantly higher values of free carbonyls were observed in the lenses of naphthalene treated rats when compared to healthy controls. An increase in DNPH-reactive carbonyls was accompanied by significant (p<0.01) decrease in sulfhydryl content titrable by DNPH. Treatment with pet ether, chloroform, ethyl acetate fractions of E. stricta and Vitamin E significantly (p<0.01) decreased the carbonyl content and increased the sufhydryl content similar to the vitamin E-treated groups. The decrease in carbonyl and sulfhydryl contents produced by the residual fraction was insignificant (p>0.05) when compared to naphthalene control (Table IV) .
Treatment with naphthalene for 28 days produced a significant (p<0.01) decrease in the enzymatic antioxidants like catalase, superoxide dismutase, peroxidase, glutathione peroxidase, glutathione reductase and the non-enzymatic anti-oxidant, reduced glutathione when compared to normal control. Treatment with the fractions of E. stricta (except the residual fraction) significantly (p<0.01) restored the levels of both enzymatic and non enzymatic anti-oxidant enzymes which is almost similar to the control group. The activity produced by the standard vitamin E was found to be the highest among the groups tested (Table V) .
Discussion
In this studies, naphthalene-treated animals showed an increase in malondialdehyde and lipid hydroperoxide levels in serum and lens. Treatment with the PEF, CF and EAF of E. stricta simultaneously with naphthalene for 28 days caused a significant decrease in the serum uric acid and lens malondialdehyde, lipid hydroperoxide and an increase in total protein level.
Free carbonyls and sulfhydryls were used as markers of oxidative modifications of lens proteins. In course of cataract development, we observed an increase in the protein carbonyl content and a decrease in the concentration of protein sulfhydryl in lenses with the advanced stage of naphthalene-induced cataract when compared with the lenses of normal control. Treatment with the fractions of E. stricta (except residual fraction) has significantly decreased the carbonyl content and increased the sulfhydryl content compared to control.
The fractions of E. stricta significantly increased the catalase level in naphthalene-induced cataractogenesis. SOD and GPx has a major role in degrading the levels of H2O2 in cells. GPx, GSSH, SOD, and peroxidase levels in naphthalene treated groups were decreased when compared to normal control group. The chloroform fraction of E. stricta significantly increased the level of anti-oxidant enzymes such as GPx, GSSH, peroxidase and SOD. PEF significantly increased the level of GPx, GSSH, peroxidase and also significantly increased the level of SOD. Similarly the ethyl acetate fraction significantly increased the levels of GPx and GSSH when compared to napthalene treated rats. GSH is widely distributed in cells. It protects the cells against free radicals, peroxides and other toxic compounds (Vani and Rawal, 1966) . All the fractions of E. stricta significantly increased the level of GSH when compared to naphthalene treated rats. Values are mean ± SEM; n = 6 in each group; a p<0.01 when compared to control; b p<0.01 and c p<0.05 and d p>0.05 when compared to naphthalene control (One-way ANOVA followed by Dunnett's test) Values are mean ± SEM; n = 6 in each group; a p<0.01 when compared to control; b p<0.01 and c p>0.05 when compared to naphthalene control (One-way ANOVA followed by Dunnett's test)
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Conclusion
The study suggested that the leaves of E. stricta possess anticataract and anti-oxidant activities, which might be helpful in preventing or slowing the progress of cataract.
Table V
Effect of the fractions of Erythrina stricta on tissue enzymatic and non-enzymatic anti-oxidants
